The Telmisartan and Losartan Cardiac Evaluation Trial, a multicenter, prospective, randomized, open-labeled, blinded-endpoint trial, was designed to compare the effects of two angiotensin II receptor blockers (ARBs), telmisartan and losartan, on cardiovascular protection in Japanese patients with mild to moderate essential hypertension. We compared the effects of telmisartan and losartan on left ventricular (LV) hypertrophy, cardiac function, atherosclerosis of carotid arteries and surrogate markers related to the actions of peroxisome proliferator-activated receptor-c. A total of 58 patients were enrolled in the present trial and the follow-up period was 1 year. There were no significant differences in blood pressure (BP) levels between the telmisartan group and the losartan group throughout the trial. The percentage of the patients treated with ARB monotherapy was significantly higher in the telmisartan group compared with the losartan group. In addition, the progression of intima-media thickness of common carotid artery was significantly inhibited in the telmisartan group compared with the losartan group. Neither group experienced significant changes in cardiac function and LV mass index. There were no differences between the groups with respect to changes in surrogate markers such as serum adiponectin, creatinine, homeostasis model assessment index, plasminogen activator inhibitor-1 and high sensitivity C-reactive protein. Although BP levels were equal and well controlled in both groups, telmisartan showed more protective vascular effects than losartan.
INTRODUCTION
Hypertension is the most common disease and cardiovascular disease is the main cause of death in hypertensive patients in Japan. 1 Angiotensin II receptor blockers (ARBs) and angiotensin-converting enzyme (ACE) inhibitors, which inhibit the renin-angiotensin system, are known to have cardiovascular protective effects that extend beyond reduction of blood pressure (BP). Adaptive responses to hemodynamic and non-hemodynamic stimuli such as cardiovascular remodeling, left ventricular (LV) hypertrophy and atherosclerosis are frequently found in hypertensive patients. As excessive remodeling increases the risk of cardiovascular morbidity and mortality, the intensive management of hypertension is critical for the prevention of cardiovascular events in hypertensive patients. Many randomized clinical trials have shown the beneficial effects of ARBs on cardiovascular morbidity and mortality in patients with hypertension, heart failure, stroke or end-stage renal disease. [2] [3] [4] [5] [6] [7] Metabolic syndrome (MetS), a cluster of certain clinical conditions including visceral obesity, hyperglycemia, dyslipidemia and hypertension, represents a significant risk factor for developing cardiovascular disease. [8] [9] [10] Visceral fat-induced insulin resistance has been suggested as an underlying pathogenic mechanism for MetS. 11 MetS is also known to be associated with disorders of peroxisome proliferatoractivated receptor-g (PPARg), 12 an intracellular hormone receptor with a significant role in carbohydrate and lipid metabolism. 13 PPARg agonists improve insulin resistance in patients with type 2 diabetes mellitus (DM). 14, 15 Telmisartan bears a structural resemblance to PPARg agonist pioglitazone, which suggests that telmisartan may activate PPARg. In vitro studies have shown that telmisartan acts as a partial agonist of PPARg and modulates the expressions of PPARg target genes involved in carbohydrate and lipid metabolism. 16 One report suggests that telmisartan, in contrast to some other ARBs, may exert additional effects through activation of PPARg. 17 Telmisartan induces adiponectin expression via PPARg activation 18 and proliferates human endothelial progenitor cells via a PPARg-dependent PI3K/Akt signaling pathway. 19 Given that telmisartan causes angiotensin II blockade and PPARg activation, it might be expected to have clinical cardiovascular protective effects beyond the ARB class effects. The Ongoing Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial reported that telmisartan was as effective as and better tolerated than ramipril, the most powerful ACE inhibitor, in terms of the primary cardiovascular outcome during a 56-month follow-up. 20 Therefore, it is important to investigate the differences in the effects of ARBs to determine the optimal treatment in hypertensive patients. Because clinical responses to therapeutic agents and event rates of cardiovascular disease differ between Asian and Western populations, the data from the trials performed in other countries are not necessarily applicable to Japanese patients.
Therefore, it would be interesting to compare the effects of telmisartan to other ARBs in Japanese hypertensive patients. The Telmisartan and Losartan Cardiac Evaluation Trial (TALENT), reported here, was designed to investigate whether telmisartan has superior cardiovascular protective effects compared with losartan in Japanese patients with mild to moderate hypertension.
METHODS

Study population
The inclusion criteria were an age of 30-70 years and a diagnosis of mild to moderate hypertension, defined as systolic BP (SBP) X140 mm Hg and/or diastolic BP (DBP) X90 mm Hg, measured in a seated position at a clinic. The exclusion criteria were as follows: secondary hypertension; a history of heart failure; DM treated with pioglitazone; a history of acute myocardial infarction (MI), percutaneous coronary intervention or coronary artery bypass graft within 6 months before the randomization; a history of stroke within 3 months before the randomization; serious renal dysfunction (serum creatinine X3 mg dl À1 ) and malignant disease. We enrolled 58 patients with mild to moderate hypertension between January 2006 and September 2008. TALENT ended in December 2009.
Study design
TALENT was a multicenter, prospective, randomized, open-labeled, blindedendpoint (PROBE) design. The trial sought to compare two antihypertensive treatment strategies at nine medical facilities in Japan. The ethics committee at Chiba University Graduate School of Medicine approved the protocol, which adhered to the principles of the Helsinki Declaration. Participants were randomly assigned to either the telmisartan group or the losartan group by the envelope method after informed consent had been obtained. Data entry and data collection were performed at Chiba University, which served as the trial's center. Each patient's BP was measured at a clinic, using a validated mercury sphygmomanometer with the individual in a seated position. The mean of three measurements was calculated and recorded. We aimed to control BP to o140/ 90 mm Hg in both treatment groups. The first dose of telmisartan or losartan was 40 or 50 mg per day, respectively. If the patient's BP did not reach the BP target, the doses were increased to 80 or 100 mg per day, respectively. Calcium channel blockers and other antihypertensive drugs could then be added if necessary. If the patients were already receiving antihypertensive treatment before enrollment, their medication was changed to either 40 mg per day telmisartan or 50 mg per day losartan without a run-in period. This trial was registered at http://www.umin.ac.jp/ctr/index.htm (identifier C000000331).
Outcome measurements
The primary endpoint was a composite of the effects on LV mass index (LVMI), cardiac function (LV ejection fraction, LV inflow E/A, deceleration time, brain natriuretic peptide) and intima-media thickness (IMT) of common carotid artery. The secondary endpoints were the effects on PPARg-related actions. After enrollment, routine laboratory tests, including serum adiponectin, homeostasis model assessment (HOMA) index, plasminogen activator inhibitor-1, high sensitivity C-reactive protein, total cholesterol, insulin and HbA1c, were performed every 6 months. Echocardiography and ultrasonography were performed at baseline and after 12 months. LV mass was measured using M-mode guided echocardiography, according to the formula introduced by Devereux et al. 21 : 0.80Â{1.04Â[(septal thickness+LV internal diameterÂ posterior wall thickness) 3 À(LV internal diameter) 3 ]}+0.6 g; LVMI was calculated with a body surface area correction. A standardized scanning protocol common to all recruiting centers was used to measure IMT. In each center, certified trained physicians or technicians performed high-resolution B-mode ultrasounds of extracranial carotid arteries bilaterally, according to the previously described scanning protocol. 22 
Statistical analysis
Quantitative data are expressed as mean ± s.d. The differences in the baseline parameters were analyzed with w 2 -tests. Paired samples were compared by a paired comparison's t-test. To analyze changes in BP, we used repeated measurement two-way analysis of variance. P-values were computed by the Bonferroni test for inter-group comparisons at the end of the trial. To identify independent relationships between several factors and carotid IMT progression, step-wise multivariate regression with forward selection was used. Only variables with Po0.05 in the univariate analysis were included in the multivariate analysis. All the statistical tests were two-sided, and a-level o 0.05 was considered to be statistically significant. The statistical software package SPSS version 18.0 (SPSS, Chicago, IL, USA) was used for all analyses.
RESULTS
Baseline characteristics
A total of 58 patients were enrolled. Of these patients, 30 were assigned to the telmisartan group (mean age: 59.1±10.3 years, female: 31.0%) and 28 were assigned to the losartan group (mean age: 56.4±10.1 years, female: 32.1%). Only one patient (1.7%) was lost to follow-up, an individual in the telmisartan group. Table 1 shows the patients' baseline characteristics. There were no significant differences between the two groups in the baseline characteristics such as age, gender, body mass index, presence or absence of DM, dyslipidemia, cardiovascular disease, LV hypertrophy, antihypertensive treatment before enrollment and the other clinical parameters. No patients were taking anti-platelet drugs. Table 2 shows the biochemical and echocardiographic parameters of the two groups at baseline. There were no significant baseline differences in these parameters between the two groups. Follow-up and adherence to the treatment At the end of the trial, the percentage of patients who received only telmisartan or losartan (monotherapy) was significantly higher in the telmisartan group than in the losartan group (telmisartan group 63.3%, losartan group 42.9%, P¼0.040) ( Table 3) . In both groups, the additional treatments were mainly calcium channel blockers. The losartan group had a slightly higher average of antihypertensive agents taken during the study (telmisartan group 1.52 ± 0.81; losartan group 1.75 ± 0.84). No adverse events were reported in either group. Figure 1 shows that BP was substantially reduced in both treatment groups. The mean BP in the telmisartan group was 152±17/ 90 ± 13 mm Hg at baseline and 131 ± 12/77 ± 10 mm Hg after 1 year. The mean BP in the losartan group was 150 ± 10/92 ± 12 mm Hg at baseline and 132±13/80±11 mm Hg after 1 year. Both SBP and DBP were well controlled in both groups, and there were no significant differences in BP levels between the two groups throughout the trial. The target BP was achieved in 23 (77%) patients in the telmisartan group and 20 (71%) patients in the losartan group throughout the trial.
BP
Outcomes
The IMT values of the common carotid artery at baseline and after 1 year were 0.94 ± 0 (36 mm and 0.95 ± 0.38 mm in the telmisartan group and 0.86±0.23 mm and 1.06±0.44 mm in the losartan group, respectively). Although progressions of IMT were found in both groups, the change was significantly smaller in the telmisartan group than in the losartan group (P¼0.013) (Figure 2 ). Multivariate stepwise linear regression analysis of the change of IMT for variables including HbA1c, SBP, DBP, total cholesterol, triglyceride, brain natriuretic peptide, adiponectin, fasting blood sugar and HOMA Effects of telmisartan and losartan in hypertensive patients H Hasegawa et al index at baseline indicated no significant associations between the change of IMT and those factors. There were no significant differences in the changes in cardiac function, LVMI or brain natriuretic peptide between the two groups (Tables 2 and 4) . Over 1 year, there were no significant differences between the two groups with respect to changes in surrogate markers such as serum adiponectin, creatinine, insulin, HOMA index, plasminogen activator inhibitor-1, high sensitivity C-reactive protein and total cholesterol levels (Tables 2 and 4) .
DISCUSSION
TALENT was designed to compare the cardiovascular protective effects of telmisartan and losartan in Japanese patients with mild to moderate hypertension. Throughout the trial, BP levels were well controlled and remained similar in the two groups. The percentage of patients who received monotherapy was significantly higher in the telmisartan group than in the losartan group. The progression of IMT of the common carotid artery was significantly inhibited in the telmisartan group compared with the losartan group. There were no differences in the changes in cardiac function, LVMI or surrogate markers related to the actions of PPARg.
Hypertension is the major risk factor of cardiovascular clinical events such as cardiovascular death, MI, heart failure and stroke, and strict BP controls are required to decrease the risk of cardiovascular events. Because the renin-angiotensin system is involved in the pathophysiology of cardiovascular disease, ACE inhibitors have been widely used as antihypertensive drugs. ACE inhibitors are known to reduce the risk of cardiovascular death, MI, stroke and heart failure. In addition, ACE inhibitors reduce bradykinin degradation, which enhances vasodilatation, but also increase the rates of angioedema and cough. Because ARBs are known to have the same preventive effect on cardiovascular events as ACE inhibitors, they are widely used as first-line antihypertensive drugs.
Telmisartan has been reported to have a partial PPARg agonist effect, 23 and reduce glucose, insulin and triglyceride levels in mice fed a high-fat diet. 17 Telmisartan and irbesartan, unique among the ARBs, significantly increased PPARg activity in a study using mouse preadipocyte cell cultures, but losartan and eprosartan did not. 24 Activation of PPARg suppresses production of inflammatory cytokines, 25 and there is accumulating evidence that PPARg agonists inhibit cardiomyocyte hypertrophy, 26 inflammation, oxidative stress and proliferation of vascular wall cells. 27, 28 The Prospective Pioglitazone Clinical Trial in Macrovascular Events (PROactive) trial has proven that pioglitazone, one of the PPARg ligands, inhibits the progression of cardiovascular events. 29 Recently, assessment of carotid IMT has emerged as a simple and non-invasive technique for measuring atherosclerotic burden. 30 Unlike serum biomarkers that have been linked to the risk of atherosclerosis, carotid IMT has the theoretical advantage of directly visualizing atherosclerosis in the vessel wall. 31 Treatment with pioglitazone has previously been reported to decrease the progression of IMT in Japanese type 2 DM patients. 32 In TALENT, telmisartan treatment significantly inhibited the progression of IMT of common carotid artery compared with losartan. Cross-sectional studies have demonstrated that the age-related increases in common IMT were about 0.010 mm per year in healthy men and about 0.014 mm per year in healthy women. Randomized controlled trials have shown that annual progression of IMT in the placebo group varied from 0.013 mm to 0.120 mm, depending on patients' status with respect to cardiovascular risk factors. 33, 34 In an observational study, IMT progressed annually about 0.020-0.100 mm per year in hypertensive patients. 35 In TALENT, the IMT changed 0.200 mm in the losartan group and 0.010 mm in the telmisartan group over 1 year. Therefore, we think that the IMT change was significantly smaller in the telmisartan group than in the losartan group. It remains unclear whether telmisartan can lead to a decrease in cardiovascular events, and an additional large trial is expected to compare the effects of telmisartan and other ARBs on the occurrence of major cardiovascular events in Japanese patients with hypertension.
The Framingham Heart Study reported a relationship between an increase in LV mass as determined by echocardiography and cardiovascular events. 36 Because the percentage of patients with LV hypertrophy was low and the degree of LV hypertrophy was small, telmisartan treatment could not show the significant reduction of LV hypertrophy observed in the present study.
Telmisartan has reportedly also had beneficial effects on the hemodynamic and metabolic impairments in MetS, such as insulin resistance and glucose intolerance. 12 Randomized controlled studies compared the effect of telmisartan with losartan, and the use of telmisartan resulted in a significant reduction in clinic SBP and DBP when compared with losartan by meta-analysis. 37 Vitale et al. 38 investigated the metabolic effects of 80 mg per day telmisartan or 50 mg per day losartan treatment for 3 months in Italian hypertensive MetS patients and found significant decreases in insulin, HOMA index and HbA1c levels in the telmisartan treatment group but not in the Effects of telmisartan and losartan in hypertensive patients H Hasegawa et al losartan group. The study demonstrated a significant decrease in 24-hour mean BP in both treatment groups, but telmisartan led to larger reductions in SBP and DBP as compared with losartan. These findings might be attributable to the PPARg activity of telmisartan. In the AMADEO study, telmisartan was superior to losartan in reducing proteinuria in hypertensive patients with diabetic nephropathy despite a similar reduction in BP. 39 Masuda et al. 40 reported that telmisartan reduced proteinuria and improved the ambulatory short-term BP variability in type 2 DM patients compared with losartan. However, Bahadir et al. 41 reported that telmisartan and losartan had neutral effects on insulin resistance in hypertensive MetS patients. In the present study, we did not detect ameliorating effects of telmisartan on glucose and lipid metabolism and renal function over the 1-year follow-up. Although several investigators have reported that telmisartan significantly improved insulin-resistance markers such as the HOMA index in hypertensive patients with poorly controlled type 2 DM, 42 we did not identify any superiority of telmisartan over losartan in this regard. In our trial, the HOMA index levels in both groups were not very high and there were few patients with type 2 DM. Because the TALENT participants had mild to moderate hypertension, further studies targeting high-risk patients with DM or MetS are warranted to determine the effects of telmisartan on insulin sensitivity, lipid metabolism and renal function. To date, many trials have been designed to evaluate the beneficial effects of antihypertensive agents in high-risk hypertensive patients. Although it is important to identify the optimal treatment for highrisk hypertensive patients, it is also necessary to examine the appropriate treatment for low-risk patients with mild to moderate hypertension. TALENT seems to be a unique study in which patients with low-risk hypertension were enrolled. The percentage of patients who could control BP with monotherapy was significantly larger in the telmisartan group than in the losartan group. In addition, treatment with a single pill may be associated with higher adherence to hypertension therapy than a regimen calling for many pills. Metaanalyses have demonstrated that medication compliance declines as the number of daily agents increases. 43, 44 Therefore, telmisartan may be a more useful agent than losartan to control BP in patients with mild to moderate hypertension.
In conclusion, telmisartan treatment significantly reduced the progression of carotid IMT compared with losartan in Japanese hypertensive patients. Telmisartan may have vascular protective effects beyond its antihypertensive property. Additional large trials are needed to examine the effects of telmisartan on cardiovascular events.
